(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: * 
10.12.1997 Bulletin 1997/50 

(21) Application number: 97303^2217 ' , 

(22) Date of filing: 04.06.1997 ' ' ' • ' 



(11) EP 0 812 069 A2 

EUROPEAN PATENT APPLICATION 

(51) int ci.6: H04B 1/12, H04B 1/40 . 



(84) Designated' Cohtracting States^ , 

ATBE CKDE DK It U LU MC 

NL PT SE -.."'C' ■ ' ''''''' ■ ' ' ■ 

<30) PricS^ityr;;c«;^^ 

(71) /^plii^ 

" .'-'^ Osalra|jPiiv ■ ^ ■ " 

(72) Inventors: 

• Jokuda, Masamori 

S^kura-shi; Chib^ (JP) ' 



' ' ' dHi!>a-shU <cSi^ . ; " ''^^ ' ■ • 

" •■'bkamptc^:Take^ ^ ' ^/'i 'r^^yf..-}' ■ 

(74) Representative: Brovm; Kenneth: Richard et al 
■■ - 'R.G;cf J^n»ciHs%Co>>^ ^> '-4 ■; ' 
. ' "'26'Caxtoni^S^ 
l!6ndibh sW 



(54): 



DualrnriQde ce|lu|an telephone ^^stem 



(5-7) The.ipresiBnt inyeHtiOT-is dCrected to. provide a 
dual-rr»ode cellulai'' teiephon^syM^^ is capable 

of supjpressing a narrowrband disturbing signal appear- 
ing in a mobile station of a dual-mode cellular telephone 
system adapted:to an analog system and digital CDMA 
system 'A CDMA signal from a;CDMA. base station and 
a narrow-band signal from an euiatog. system are re- 
ceived through, an antenna (101-);. by, receiver (102) 
whereby they are amplified, subjected to frequency con- 



yersibn aund^' theni ja" yariable; ho^^^ 05). 

A disturtjjng'sigp^ 
, variable nbtch fi Iter ( 1 05) witfi a c^^^ f or rhaking 

its frequency be variable^: Narnejy; thejd^ signal 
detectiori'circuR (106)detec^^ 

of the variable" notch fift^ minimal by 

chariging^^^ control sig- 

, nais. A cqhtrol signal atVwHbh 
variable notch filter (1 05) is miriimW is fed to the variable 
notch filter (105). . '. 



FIG.8 



ANALOG 
SIGNAL 



100 MOBILE STATION 

r 




CDMA 
SIGNAL 



101 RECEIVER ANTTENNA 





f 

RECEIVER 




1 

VARIABLE 




1 

DESPREADER 




* 

CONTROLLER 






NOTCH RLTER 









t06 



DISTURBING SIGNAL 
DETECTING CIRCUIT 



PrwTted by Jouve, 75001 PARIS (Ffl) 



Description . . 

BACKGROUND OF THE INVENTION 

Together with multimedia, personal communica- 
tions allowing, people ;to comrnunicate with anyone by 
any medium, anywhere and at any time represent one 
of the most prospective fields ot strong potential. Per- 
sonal communications are included in both concepts of 
wired and wireless telecommunications. Great hopes 
are placed on wireless communications— In- wireless 
communications, .pprtable, phones have been spread to- 
day in developed, countries so rapjdly^hat the^^ 
tional analbg <;orhmunicatbrWs^ 
the increasing derriahd. Accordingty;. .digit^^^^^^ 
which are excellent in capacity crf^^a 
scr ib e rs i corri m uh (cation costs, secrecy ;^nd van ety of 
corhm un ic^ipnsf are.hp>^^ prei/a il yig ; w e an- 
alog systerhs. There are two? digital^ p^elhoc^ 
(Tirhe-Dtvision MultijD^te Acxess)%i(ii^ 
s ion Mu It ipl e Access) . Th ejG DM A f is; iipw^ much-att racts 
the users since it is excellent in the capacity of accom- 
modating subscribers than the TDK/IA method. 

The CDMA system uses the spread -spectrum tech- 
nique that transmits ^a signal carrying an information 
spread over a bandwidth much wider than the inf orrna- 
t ion itself -occu p i ed band wridth by u s ing sp read cpdin g 
cyctprri; Thfim are - .two ;;,iTie of spread-spjBCtrlirn 
t echn iq u e : : on e is di re^c^^ , ( DS)% ethod an^ t h e 

othier /is f r&i u erScy . ■ h^^^ Cjl FS), methb^^ the c e i I u ia r 
teiephw}e;syste^ 

using the DSIechrif^^^ each mbbiie station rrky sipread 
spectra by. using di^ spread code and trarismit the 
coded phanri el signal mult|j5 jied in the isarrie barid width. 
On the other hand, th^^^ demodulates only 

the desired signal by despreadirig with the same spread 
code of the desired receive channel, separating other 
interference signals as wide-band noises. Thus, the CD- 
MA system using the spread-spectrum technique offers 
a number of advantages: it can accommodate a large 
number of subscribers, allow asynchronous accessing, 
bear against multi-path fading, enable soft -hand-off by 
using a plurality of rake-receivers and have a high du- 
rability against interferences from other systems and a 
high secrecy property. On the other hand, mobile <X)m- 
munications may. usually have interference signals 
much larger than desired receive signals, causing inr>- 
pairment of a carrier-to-noise (C/N) ratio of a signal after 
despreading, i.e.. making it impossible to conduct cor- 
rect communications. Accordingly, the CDMA system 
requires fine control of transmission power. Thus, the 
digital communication systems are replacing the analog 
communication systems since the former systems have 
excellent features over the latter. However, digital and 
analog systems coexist while shifting to the digital com- 
munications. Mobile stations must be dual-mode termi- 
nals adapted to analog and digital systems. 

In the dual-mode cellular telephone systems adapt- 
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ed to the analog system and the digitai CDMA system, 
analog ai-id digital systems can wdi-k in drffereht frequen- 
cy spectra in the same area or neighboring areas. How- 
eveir. this lolldwing four kinds of interference modes may 
5 occur between the base stations and mobile stations of 
two different systems. 

(1 ) Interference from the analog base station to the 
digital CDM Avmobije^.station . 
10 (2) interference from the digital CDMA base station 
_ - to th e ana log = mobi le* statipp ; - 

(3) Interference fronn th^ analog mobile station to 
the dighai CDM^§ base s^^ , 

(4) Interfererib^^^ star 
15 X\6n to the analog Base stat lori : 

Annong the above , int ej^exence- mode ( 1 ) is th e most 
Important: Narheiy, tfSe inteilererice r^^ (if becoriies 
very larg e - aVa nripbH. e \sta^^ 9 jh the . digftai I Cp- 

20 MA mbdeif the ihnbb it e station Foci's far from t^ CDMA 
base Stat ion and rii ea r to th e an aipg base st at ion . H e re - 
inafter explains a disturbance by interference from an 
analog base station to a digital CDMA molDile station. 
The mobile station is communicating in the CDMA mode 
2S with a CDMA base station, receiving, at the same time, 
a" h unribe f of Hafi^row^sand sig rials as^ciistu rbi n g s ignals 
f rorri' an analog i^aseT station ex ist ir^ * iri tK e :n e i ghBor in g 
area. I h th is cas e ; th e narrow-band analog si gnals may 
largely ^affect the rnobile statiori since, they have much 
30 higher level thari the^desir^ ebfyiA-barid s^hal. > 

ThreS interference rhodesmay occur as follows: 

(a) Ah interference by intemrradulation distortion 
iiaiised f rorh non-linearity of a receiver of the CDMA 

35 mobile Station; ■ ~ - 

(b) An interference by intermodulation distortion 
caused from non-linearity of a transmitter system of 
the analog base station, 

(c) An interference by sideband noises of transmis- 
40 sion signals from the analog base station. 

The interference mode (c) is a phenomenon that 
sideband noises of an analog signal from an analog 
base station may fall, as a disturbing signal, into a band- 
45 width of the CDMA system If the analog transmission 
channel bandwidth is near the CDMA bandwidth. The 
effect of this mode is smaller than the nnodes (a) and (b). 
The causes and problems ot interference modes (a) 
and (b) are as follows: 
50 There's a case that a mobile station working in the 
CDMA mode are receiving a number of analog system 
signals. When a large-power level narrow-band analog 
signals (f^ , fg and so on) are input to a receiver, a large 
number of third and fifth intermodulation distortions (2f-,- 
55 2f2-fi, 3fi-2f2. 3f2-2fi and so on) may occur in a re- 
ceiver due to the non-linearity of its components (e.g., 
a LNA (Low Noise Amplifier), mixer and so on), produc- 
ing a large number of narrow-band disturbing signals in 
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a frequency band corresponding to the GDMA band: 
The produced narrow-band, disturbing ^signals, having 
very high-levels results -in increasing noise level- after 
despreadirig the ^ received signal'^ by, the despreading 
portion: :G^sequehtly,^such:a problesnn arises, that the . 
signal ^ may ' f ep r eserit ^'erron eous data d u e to; its 5 insuffi- 
cient carrier-to-noise (C/N) ratio. :.::^fj^-'isi}-^{rf^,^-yr^ 

' ' ' Aii ^analog baslb' stat ion t ransrnits a-Jarg e nurnbe r of 
nai-rbw^bairid s ignals at( a^t ifne;ahd ■ ^th eref pre ;;rnay =pro- ^ 
duce a large numbb|» of iii^ . 
within a frequehcyiband cor^espdridirig to a^CD^/^^^ 
- du e' tp^ ihte ifriodu latioh d istoirtions '(ot ;3rd ^rdehv 5th-pr- 
der ahd^^^o;6n)^if/itisrtfa^ 
poweKamp^ 

alpg^t(affshi|ss'^- ^ 
terrnodul^ticvf 
However/ 
receiver 
signal 
sequelitJy; 

creased 'after despiread trig by a'desif>read in g portion: Ari 
erfohedus data rnMay be produced due to insufficient car- 
rier-to-nbise ratio; This is a problem to be solved. 

. . v-'^:^--.n:v:.">~rv'T^-.. ^ >r: .r., U- n-r -i-- ; .. 
SUMMARY OF THE; INVENTION : vH; ^^^:^'^-'^> v 

. ■ • ;Th e ■ f3ire«€tfit\inr^^ a <^ 

fribdeiWejlulartel^ 

i ana log mb^ v 
^ t ibrv is tp ir6\/ided /nairrbwrbaiid signaj . 

suppress tonV d rc liitVcajpab le : of eff ebt ively suppre ssing 
narrbw^band disturb in g signals occurring thereat and in- 
fluehcihg'a retceiverc wcv'rr > .-v i^i, i,;.*; 

>' An obj eel of ?{the f present' < invention. ' is 4o:proyid^ a 
diial-itiode cellular telephone systenriadaptedl^ 
alog sy'stem'^nd a digital epMA syisteiiTi. vrtierein a nrKK 
biie station receiver is provided with a harrow-band dis- 
turbing signal suppression circuit with a notch filter for 
suppressingja disturbing signal resulted;f rom' an, inter- 
itTodulatidn vdistortiOT^^ 

mission charihel signals frorh an, analog :base station. 

Anotherobject of the present invention is to provide 
a dual-mode telephone; systemradapted to an analog 
system and a digital CDMA system, wherein, a mobile 
station receiver is provided with a narrow-band disturb- 
ing signal suppression circuit with a notch fitter for sup- 
pressing a diisturbing signal resulted from an intermod- 
ulation distortion produced inside the receiver when re- 
ceiving a plurality of transmission channel signals from 
an analog base station: 

Another object of the present invention is to provide 
a dual-mode cellular telephone system which is charac- 
terized in that the notch filter has at least one previously 
determined notch frequency. 

Another object of the present invention is to provide 
a dual-mode cellular telephone system which is charac- 
terized in that the nnobile station is provided with a re- 
ceiving portion and a level detecting circuit which mon- 
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itors an pytputjeyel of Ihe recew portiori and, only in 
the case, of ^tbe output |eyeLexce©ding a prey de- 
termined reference level, controls the, notcli.fi Iter to pos- 
ses^^he specified .notch charact erf^^ ; : 
^ , >t Another; pbjecliOf th^ proyide 
. ajdual-mode .ce[iulante[ei3h wh jch is charac- 

i terizediin thma^cSc&fr 
•iable arid WconlrolteS^^ 

•.frequencycrfiajna^^^ ■ ■ ^ 

Another object of trie present'in^^ 
.a dualrrnpd^icellujar^^^^^ 
terized Jnvthat the hb&Kfi 
V quency^unde^:Con^^ 
■ si^nahdetection c 

.,has;^> q^irp^^ , 




2S 



i; viiAnbtHenobje^^^^ 
a dualrmpdb 
■>t^n2^SriitHa^ 
qu enci es liri der control be in g yariab le at a tirhe^ and is 
provided with, the disturbing, si goal detection circuit for 
detectirig a cpryibinat^^^ 
cies unde r cont rol , at Which th e notch filte^^ 
,patpajt;:and^ 
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,a;dual^irTi^ 
terizeid ih that the ribtch Jilte^rti^s^ ffequehcres 
being yariabje^ at a,timel!jOn^e^^ Within 
a f pwer syb^ban^^^^^ 

iabie:WitNn:aih'g^?eAi^^ 

^^otHer obj^f of me^ 
a dual-mode cellular telephone system which, is'charac- 
terized in that a combination of the plurality of notch fre- 
quencies under control is determined, then several of 
the? notch Jrequencie^^^ are f |xed and t^^^^^ fre- 
quencies are continupushyf chstfig^ detecting a 
change iri an output level of the notch fitter dunng com- 
munications. ,^ . , >. - :- 

. Another object of the^present invention \k to provide 
a dual-rnpde cellular telephone system vyhich is charac- 
terized in that the disturbing signal detecting circuit mon- 
itors ar) output level of the notch filter and, only in the 
case.of the output level exceeding a predetermined ref- 
erence level, controls the notch filter to have a notch 
characteristic. 

Another object of the present invention is to provide 
a dual-mode cellular telephone system which is charac- 
terized in that the notch filter has a variable notch fre- 
quency under control and is provided with a frequency 
detecting circuit for analyzing a frequency component 
exerting a narrow-band disturbance on a CDMA-band 
signal and supplying the notch filter with a control signal 
corresponding to the detected frequency component. 

Another object of the present invention is to provide 
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a dual-mode cDHulaf telephone system which is charac- 
terized in that the f req uericy detecting circu it. performs 
Foui-iertransfdrmatioh; ' ' . ^ .. . .. 

Another object of the preisejnl iinventibn is to provide 
a duai-riibde ce1tular1e|ep|ii6ne systerfi^ which is charac- s 
teriz^d in that the frequency det«;ting:circU it =m^^ a 
rec eived s ignai ieve I ot th e nfiobil e stat iori ■ a^ d ; -on ly in 
the cas'e'of the rec^i^ leVer'exceedirig'a prede 
term jh ed ■ r^fereh'ce I evel/'c^^^ the ri ptch f i tte f'to have 
a nbtcih-cha^^ '"'V--'y'^"<^-'^-'^'^- t 10 
Iri^eialiiov^^ 

phbhe ?y'stern^the'n filter can effectively, siippriess 
a '^disturbing' 'signal'^ ciufe -'tp.':^^ dtstprti.on ; 

tausecjf by ^ 

f rpin.tiie'anal^-^^ statjon-iaslwe 



channel signals frbiri .thei: analog base stetlph. ^^^TO 
rnakfesjrttpo^ 

rat lo^BijH^Besi re^J'^i gna 1 ail^ desp ri^cJ Iri g^: ' - -i-ff^- - ^ 20 

WkK th$ notch f» Ite r Kavih 9 a variable f r^'u en- 
cy/tHe' disturbing si'gnial detection circuit detects" a notch 
frequency at which the notch filter has a minimal output 
and gives the notch filter a control signal corresponding 
to the detetAiOT^ ■ ' " :.^y ■ ■ ■ r ' 2s 

" !Wit(vthe^ hb^^ iiaying a plurality 6f notch fi'e- 



qiienicMes variaBl^^tvt^ 
det ectidh circuit "detects a'OT^ iori of th e plura I ify :.6f . 
notch freque^^ 

outgiiitWid^give^ 30 
spohciing'tothe"8 ' " '■ " 

TTie f.reqyeiity de^^^^ 
components grving a harfoW-band disturbance to a CD- 
MA band signal and ^fves the notch filler A control signal 
cbrrespbndirig to' the analyzing ^ , , • 55 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 A is illustrative of service areas of an analog 
systehri and a digital CDMA system. /^o 

Fig.' 1 B is Illustrative of service areas of another an- 
alog system and a digital CDMA system. 

Fig. 2 is illustrative of ah interference of an analog 
base station on a digital CDMA mobile station. 

Fig. 3 is view for explaining another interference of <5 
an analog base station on a digital CDMA mobile station. 

Fig. 4 is a graph showing an interference of side- 
band-noises ol transmission channel i signal of an an- 
alog base station. 

Fig. 5 is a graph showing a narrow-band distur- so 
bance due to intermodulation distortion. 

Fig. 6 is a graph showing a spectrum after de- 
spreading with a narrow-band disturbing signal. 

Fig. 7 is a graph showing a distortion component of 
an intermodulation of a transmission channel signal and 55 
a transmission system at an analog base station. 

Fig. 8 is a construction diagram ol a narrow-band 
disturbing signal suppressbn circuit of a mobile station 



in a dualTfttode cellula[r telephone system, which is an 
embodiment pf the present invention. 

Fig. 9 is a graph showing an effect of a notch fitter 
in suppressing a narrow-band disturbing sigpnal. 

1 Fig: 1 0 is a graph sh owing an atlen uat ton cha rac- 
teristic of a, notch f ilte riWhen working with a p) u rality of 
notch frequencies. ^ ^ . : ;; M:;r- ■ " - 

■A Fig. ! 1 i . is a graph shpyying.anieff ect=-^^^^ ,notch filter 
in suppressing :a narrow^b^nd: di%rtiing .signal when 
- working \with:^: plural fty/pf no^^^ . ; 

.^^^Fig^ 2ijSiaic6nstructipn|d^^ 

distil i*bin g s ignal; s upp r ess ion . c i rc tiit of ;a |T)9bi(e.; istatidn 
ip; a^dualnpode cellutaRtelephone, syst^^ an- 
crth e r^ehibo^ ):^r,y- \ 

^'^Figi^l^ isai^ 
: dist u itiin g ^ i^al^s up^^ sfeTpr^ 
in 'a -d ual^nribcte ee l I u Ja ntel ephpne,syst^ wh ich is a f u r- 
the rjembbdiriient of : tine preset ; - , • 

PREFERRED^EMBP^ 

Prior to explaining preferred embodirinents of the 
present invention, dual-mode cellular telephone system 
basic art on which the present invention stand, will be 
described below as refeferices foi: the, present in 

Together with multimedia,- personal communica- 
tions allowing; people >to;cp^ With . anyone by 
any ■ rried iiirVi,' ;anyv^^ .represeirit oh e 
of the^mcwt; p^^^^ bl;strbhg:;ppt^ Pe^r 
spna I commuh ic^t ion s are inc I y bed ih Bqth[ concepts of 
wired ' and wireless teiecomrnuhicatiqns; Gireat hopes 
are placed' on- wireless:.cpmrt»unications:. In .wireless 
communications, portable phones have been spread to- 
day in developed countries so. rapidly; that .the conven- 
tional analog' communication system could not satisfy 
the increasing demand: Accordingly, digital systems 
which are excellent in capacity of accommodating sub- 
scribers, communication costs,, secrecy and variety of 
communications are nowadays prevailing over the an- 
alog systeins. There are two digital methods - TDA/IA 
(Time-Division Multiple Access) arid CDMA (Code-Divi- 
sion Multiple- Access). The CDMA is now much attracts 
the users since it is excellent in the capacity of accom- 
modating sutjscribers than the TDMA method. 

The CDMA system uses the spread-spectrum tech- 
nique that transmits a signal carrying an information 
spread over a bandwidth much wider than the informa- 
tion itself -occupied bandwidth by using spread coding 
system. There are tvro methods of spread-spectrum 
technique: one is direct-spreading (DS) method and the 
other is frequency hopping (FH) method. The cellular 
telephone system uses the DS method. With the CDMA 
using the DS technique, each mobile station may spread 
spectra by using different spread code and transmit the 
coded channel signal multiplied in the same bandwidth. 
On the other hand, the receiving side demodulates only 
the desired signal by despreading with the same spread 
code of the desired receive channel, separating other 
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interference signals as wide-band noises.' Thus, the CD- 
MA system using the spreadfspectrurn technique offers 
a numbef ;Of advahtages;^it can, accom 
num be r of s iibscribe rs^ allow asyh ch roiou s acce ssi h g ; 
bear against rn uH i-path > iad in g ; : enab I e soft-hand-btf by 
usirig'a pluratitY of. rakeKed a high du- 

rability against interferences IroirTi^p^^^ a 
high s(&crecyjprbperty.^€^ com- 
munication's j may ^^^^^ 
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mobile station; - ■ . - . „ rj-;:* -. * • ■ 

..(b),7\r( JnteHerence^.^by intefmbdulation; distortion 
- . caused from non-linearity of; a tran$rnitter system of 
• the analog :bas^:siSt^^ •,;:'7i?,!^V^'' V.^-/ 

. ..{c) A^ interference, by ^^^^^ 
, siori signals from the analog base .stati^^n.^.. :. . 

phenqmehortith adefen^Lno^e^ 
frdnnanahalog^baseSyi 

nal; into; a^ bandwidth of the. CDMA system. if^the analog 
UansrnissiohKJhanriel-; bandwidthr ,;:oeaf.;,1^^ CDMA 



piacihgithe anaHc^ 
tormer^s^siems*;^h^ 





. .working; lhithe;eDMA'>nrtbde=are>^ 



be-dualHmddeilen^ 

systerrisA .■'^->t^-r:;^P--^i^%;; "(f;;','^v;r-fHp:Vi 'W'^fy-^c^^j^^t'^:^^ 

in the dual-rhcde cellular telephone systems adapt- 
ed to the analog system and the digital CDMA system, 
analog and digital systems can work in different rfrequen- 
cy spe ct'ra ^ in ^ iii e ssame areia ; or sriei ghlioring : areas as 
shbwn-ih'Figs^ stipyvn^jases, 
the foIlcwirig^ourKinds^ 
occur betwWeh|theiba^ 

■i twq^diff e rent ; systems?;!"-- ^.^f-y-v-' ^'^y/'^-v^X-A ; f^ii-i'^. ' •■ 

' (1 ) Interf erehce'f rom^^^^^^ base station -to. the 

digital CDMA mobiie station; I; r r.^ - i^: 

(2) Interference from-the digital CDMA base station 
' tb the'analog mobile^statiqn;:- > V : 

(3) Interference from -the-ana tog mobiie. station to 
the digital CDMA base station and . • 

(4) Interference from the digital CDMA mobile sta- 
tion to the analog base station. 

Among the aboverinterterehcemode (1) is themost im- 
portant. Namely, the interference mode.(l). becomes 
very large at a mobile' station working in the digital CD- 
MA mode as shown in Fig. 2 if the mobile station.locates 
far from the CDMA base station and near to the analog 
base station: Fig. 3 is a view for explaining a disturtjance 
by interference from an anatog base station to a digital 
CDMA mobile station. The rrobile station 100 is conn- 
municating in the CDMA mode with a CDMA base sta- 
tion 200, receiving, at the same time, a number of nar- 
row-band signals as disturbing signals from an analog 
base station 300 existing in the neighboring area. In this 
casC: the narrow-band analog signals may largely affect 
the mobile station 1 00 since they have much higher level 
than the desired CDMA-band signal. 

Three interference modes may occur as follows: 

(a) An interference by intermodulatton distortion 
caused from non-linearity of a receiver of the CDMA 
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receiyenf 
ul^tion 

on) may occur in a receiver 102 due to the non-linearity 
of f its <>9rnP5onents^ (e^^ . 
mixer, andjsopn)^ 
tend^disi^^ 

ing^o^tfTSvC^ ■ 
. tu rt^g ^grials havm iricrea^ . 

ingjnolse.leyera^ . 
thedespr§|cien^a 
es tha1s|he sjbna^^ 

its JnsUificienivcari^^ in 
■ Fig,6;'; u", ' ^ ^Xr- ' 

As shown in.^ig. 7, an^,a^ 
transmits . a large number, o^; narrow-t^ at a 

time and, therefore, rriay. produce a large numlDer of nar- 
row-band disturbing signals within a frequency band 
corresponding to a CDMA barid due to inte.rmodulation 
distortions (of 3rdHDrder, 5th-order a'n^^^ trans- 
missjon system (transriiissi^^ ampliperj ha^ non - 
linearity. Accordirigly, the ar^lP&f^^ ®lf?^®P^ '® 

usually designed so^mat intermodulatioh d^^^^ 
be satisfactoriiy snriall. However, the QDMA rnobile sta- 
tion 1 00 may receive aj its receiver 102 a relatively high- 
level narrow-band disturbing signal while it works rSear 
the analog base station 300. Consequently, a noise level 
of the received signal is increased after despreading by 
a despreader 1 03. An erroneous data nriay be produced 
due to insufficient carrierrlo-noise ratio. This is a prob- 
lem to be solverd. 

Preferred embodiments of the present invention will 
be described below in detail with reference to accompa- 
nying drawings wherein portions similar to those of the 
system according to the basic art above-descrtoed are 
given the same numerals. 

Fig. 8 shows a block diagram of a narrow-band dis- 
turbing signal suppression circuit mounted In a mobile 
station 100 of a dual-mode cellular telephone systenn 
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em bMDdying the present invention. 

In Fig. 8. a CDMA signal from a CDMA base station 
and an ahalog'signal from an analog base' station are 
received by a receiver ariteriria i Oi . The receive d sig- 
nals 'a re infDLTt to a receiver 102 ^'v^ are sub- 
jected to arnpli^icattori arid frequency copversioh and 
then input to a variable notch fitter 105 being supplied 
with a notcH-ffequen^ yarying control signaHrdm a dis- 
tuHairig signal detectWg 'circuh iofel ;By^^ the 
' 'c6ritrorsignai;^th^js^^ 106 
(^iariges^the 

i 05 to detect' a frequency^ 

nri in imal ouip tit level:- As slicwiv Fi gr 9^ a iTarr^ 
disturbinig signal little^ rehaaiiit^^ 

wh eh' tfie notch* fi:eq^^ nar r6w:bahd 

disturtjjng signal gK^^ F*g^9)J 
Na^he jv^^thiB yati^Ble n6l^iif fiite^ oiJtt- 
pirt iey^el; AcOT a sufficiem 

- of a signal aft^r 

the irarlaBie m 05 irie'cbhtroi.sig^^^ 

ttiehotcW fitter W in 
Fig. 9).; " ' ^ ^ ' ■ 

In Fig. 9, there is shown a notch filter having a notch 
frequency. The use of a notch filter having a plurality of 
ribtc h f reij uehbi es attains a 'f u iiher ' increased effect. 

Fig ■ i 6 is a graph: s rig an ^attert uation f requ e n- 
cyH^haractei;!sUc a 
blui^aiitSrof hcrich fr^ 




nat ion of the pt ural ity of notch fi;equ eribies; wh ich ca u s- 
es the vanalile rnbtch filter iOS output lev- 

el. Then, it gives the notch filter 105 a control signal that 
produces the above-mentioned effect: 

lii this case/as shown in Fig. 11, it is possible to 
suppreks a niirriber of harrow-barid disturbing signal at 
the same time by using a plurality of notch frequencies. 
This can further improve a carrier-to-noise ratio of a de- 
sired isignal after despreading. A method of sweeping a 
plurality of notch ii-equericies is as foHows: The CDMA 
frequency barid is divided into the same number of sub- 
ban cfe as that of notch f requehcies iarid ttie respective 
notch frequencies are swept oh the respective frequen- 
cy bands. This feature can fast detect a minimum output 
level of the variable notch filter 105. 

For exahnple, with the variable notch fitter 1 05 hav- 
ing two notch frequencies (f^i fn2). the CDMA frequency 
band is divided into two (low and high) bands and two 
notch frequencies are swept from respective band ends. 
This enables a high-speed detection of the notch fre- 
quencies. 

It is also possible to first determine a combination 
of a number of notch frequencies, fix some of the notch 
frequencies and continue sweeping of remaining notch 
frequencies. In this instance, the variable notch filter 1 05 
may largely vary its output level when a considerable 
change in interference level of a disturbing signal occurs 
during communications. Namely, the disturbing signal 



detecting circuit 1p6»,can detect a change in an interfer- 
ence level of'disturbing signals by a change in an output 
level of the variable notch fitter 105. Accordingly, the dis- 
turbing-signal delected circuit i 06 can; follow a. change 

s in the ihterterence condition. during cornmunication by 
giving- a control signal corresponding to the change to 
this variable notch fitter 105;; 5 ^- . ; k . v ' 

I ri a d ua l-mpde ce 1 1 u la r syst enri working in an analog 
mode >arid aCdigital . GpM^ i ifrequencyf ch|annels 

10 ai-e usua lly knoym and ,>the r ef p re; (a f reqij eiicy bandth at 
may. cause,^ a^,narrowzb^ndrdistu rbance.qai;! JpMpr^'^'P - 
ly calcutated^by the cpntrpller :ft 04. ITl^refore;, h ^is;pqs- 
sibl e; to: red uce^- i^linf j uence ;pf ;^the narrowTbanrd dist ur^- 
t^ance frprh tHeiifife 

1 5 a; cbhtFot' signal ba^ed . the jcalc u {at ion res li tt to th e 
■"■ ■ --vsiiriable'notch'filei^ . 
- ^^; ln:thfe;fdrego^ 

105 iJB ys;^^h;rts|n^ i 
th e be ginn j ngr;jH(^^ 

level d istijrbi rtg s igha I that rhay caus e a prolp lern; ~ Ac - 
cordingty; the disturbing signal detection circuit 106 may 
control the variable notch filter 105 not to initially exert 
notch characteristic. Namely, the; disturbing signal de- 
2S tectton circuit 1 06 rnonitors the. output level of the vari- 
able notch fi Iter 1 05 and . cdrit rot th e ^vanable notch: fi Ite r 
' to^xerThptchjiharaGteri^ 
of;thfe^ndtch 

ence 1 eye I. The pN^DF: F icqrit rbj pi notch charact eri stip 

30 accqi^dirig to the degre^^^ of inf I uence of the na rr6w4)and 
dis;turbihg>sign^l; may realize an ^ adaptive, suppression 
of disturbing signals. ^ : 

Fig. 1 2 is a block diagram of a narrow-band disturb- 
ing signal suppression circuit used in a mobile station 

35 100 for a dual-mode cellular telephone system wrtiich is 
another embodiment of the present invention. In Fig. 12, 
components similar in function to those of Fig. 8 are giv- 
en the same numerals. The difference of this embodi- 
ment from the emt)odiment shown in Fig. 8 is that a fre- 

fo quency detecting circuit 1 07 is used in place of the dis- 
turbing signal detection circuit 106. The frequency de- 
tecting circuit 107 analyzes afrequency of a CDMA sig- 
nal outputted from a receiver 1 02, for example, by per- 
forming Fourier transformation. 

<s tn the shown embodiment, the frequency detecting 
circuit 107 has an output being reflective of a high-level 
narrow-band disturbing signal if such me contained in 
a received CDMA signal. Accordingly, a frequency of the 
most influential narrow- band disturbing signal can be 

so found and a control signal causing a variable notch filter 
105 to have a notch frequency suppressing the frequen- 
cy component, thus attaining an excellent carrier-to- 
noise ratio of an output at a despreader 103. 

With an input containing a number of narrow-band 

55 disturbing signals of a simitar level, the frequency de- 
tecting circuit 107 has an output reflecting these fre- 
quency components. Accordingly, the variable notch fil- 
ter 105 having a plurality of notch frequencies is used 
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for the above-meritibned case, assuring further reduc- 
tion of an influence of the narrow-band disturbance. 

The use of the variable notch filter 105 being always 
switched ON may^use ari atteriuatibn of a desired CD- 
MA signal received - if there is no highflevel -cJistu rbing 
signalfthat may: cause a p 

of a desired CDMA signal. brings; the receiving -cha^ 
teristic for the vyprse. Accordingly, the* requency^^^ 
ing circuit 1p7''may ; cdritrq! ithe'Variable. nptchifihe 05 
nottoiriirtiaily/exert 

queiTcy%etectifK(;^^ 07Apb&erv^^theJpyitp 
' o! th(evf^^iyer^02 cbntfOhtheArariaW fitter 

to executenotchipr^^^ of 

tHe.rec^i^e^{t p2ie^ce \ 

level.- Ilie ON^FjR^cpri^ 

cording tp. the;d^^ of. infiuerice 
' disiurbingfkitina^ 

< of dist'uil3ii^^igitt£ij|s . . 

vvFig:W3'is aiblbck dia^ 
ing *1s|griat SLipp r ess circu if - used ; in': a : rriotaile ^ station ' 
1 0p f oKa dual-moi^e c^ is 
a further efhbodirhent of the present Invention.' In Fig. 
1 3, components similar in function to those of Figs. 8 
and 12 are given, the same numerals. The difference of 
this embodiment from the embodirnentSiShowniip Figs. 
8 and 1 2 exists in that a notch frequency is fixisd by using 
afixed rrotch filter. 1 08 iri place of the variable notch filter 
105. This design makes Uhe structure of the disturbing 
signal suppressing- circuit be simple' since it elirninates 
the necessity of using the disturbirig signal detection cir- 
cuit 106 or the frequency detecting circuit 107. 

As described before with reference to Fig. 8, the du- 
al-mode telephone system working in an anak>g mode 
and a CDMA digital mode usually uses known frequency, 
channels and can therefore predict a frequency band 
causing a narrow-band disturbance! Accordingly, it is 
possible to reduce an influence of the narrow-band dis- 
turbance by designing fixed notch filter 10S having a 
notch frequency based on the prediction result. The 
notch filter 108 niay have, of course, a plurality of fixed 
notch frequencies. Furthermore, it is also possible to 
provide a level detecting circuit 109 that monitors an out- 
put level of a receiver 1 02 and switches ON the notch 
characteristic of the fixed notch filter 108 only when the 
output of the receiver 1 02 exceeds a predetermined rel- 
erence level. Nannely, the ON OFF control of notch char- 
acteristic according to the degree of influence of the nar- 
row-band disturbing signal may realize an adaptive sup- 
pression of disturbing signals. 

In comparison with the embodiments of Figs. 8 and 
12, the embodiment of Fig. 13 is somewhat inferior in 
its ability of suppressing narrow-band disturbing signals 
but has a simplified circuit construction that does not re- 
quire control and is adapted to high-speed processing. 

With the dual-mode cellular telephone system pro- 
vided with a narrow-band disturbing signal suppressioii 
circuit according to the present invention, a narrow-band 
disturbing signal at a mobile station of the dual-mode 



telephone system ac^pted to the.apa CD- 
M A;stgna Is ca n be eff ectivejy; siijipress ed . by a notch fi 1 - 
ter.tofrnaihtain' welk;pnditJoned:tei^^^ A 
number of narrow^aancf .clisturb^^^^^ sup- 
5 pressed at th^ saririe time by? using a plurality of notch 
frequencies; iThys, the. receiving. ctiaracteri^^ 
furfher^improve^ i^^^ii:il^Jii,t:.\:k^Y^ -'J- * 

a chahge/ih Idfeturbance; ie^^ signals 
. 10 dunng;.:coiTim to 
swee^;ria||f^gfg^ 
. ; --vrThe ON^FB'cdntrofof the notch;filte r charactenstic 
can realizeVan vadequate, suppression of -ariy distu rbing 
sighal depending on the infiuerice;of t^^ narrow- 
\s . band .disiti^ y-^-:- ': . : ■ 

. ^iu^Ail^thSssie^fadilHies^d^ Xeie- 
. phonejsystehri vreallzevtesn^ 

system^tOithe.digitahCDMA'system:^ a 
, higher peilomhanc^ . .;; 

Clairns;-, >:'■. . ,. 't ^ , 

,1. A dual-mode.cellular telephone system adapted to 
25 .an analog7systemand;a digital CDMA systenri, char- 
acteriz^ in that a mobile station rTCeiyej^^^^ 
ed with a na rrow-band distti rbir>g i sigrial supp res- . 

pressing ^a d ©tu rb irig sign ^jlre'sy tted f rom 'J^i^^ 
30 . .,f.ulation distortion 'prod 

, . . niission^cliannel s^^ sta-. 

2. A dual-mode cellular telephone system adapted to 
35 . an anatogsyste^ 

, acterized Jn 

ed with a naiiTbw-band signal suppres- 

sion circuit, with, a nobh filter ^ 108) for sup- 

pressing a disturbing signal resu ffpfP jptprmod- 
,40 , uWion distortion pirodu^^ 

. receiving a plurality of transmission channel signals 
from an analog base station. * 

3. A dual-nnode cellular telephone system as defined 
45 in claim 1 or 2, characterized in that the notch filter 

(105, 108) has at least one previously determined 
notch frequency. 

4. A dual-mode cellular telephone system as defined 
50 in claim 3, characterized in that the mobile station 

is provided vvith'a receiver (102) and a level detect- 
ing circuit (109) that rrvDnitors an output level of the 
receiver (102) and, only in the case of the output 
level exceeding a previously determined reference 
55 level, controls the notch fitter (108) to possess a 
specified notch characteristic. 

5. A dual-mode cellular telephone system as defined 
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in claim 1 or 2. characterized in that a notch frequen- 
cy of the notch filter (105, i08) is variable and is 
controlled to be the same as a piresurnable frequen- 
cy of ai riarrow-lDand disturbing signal. 

6. A dual-ririode cellular te I epKorie system as defined 
in clainri 1 or 2, characterized in that the notch filter 
(1 05) has^a variab^ control 
and i s p rpyld ed with a ■ d ist U rb in g ' signa I detetfctin g 
circuit (106) for detecting of the io 
va riab le. notch . f requency;= at vi^ich Jth^ irio^^ Jilter 

(1 05) has a mi^ and su jsptyirig the notch 

fitter (1 05 j^wim^^ 

detected f i-equency/ ■ - ■ • ' . :^ ^ ■ ■ : 

■ " ■■ ■ v-^tv-^ ..^j-- V ■ IS 

7. A dual-^odejcfeilu^ 

jri (ciaihrrT^2;^ filter 
(1 05 ) His ^p^Liria jityctf nqt^ es und e r cbh- 

trol beingvari^le^at a timii arid^^ 

disturbing signal delecting circuit (106) for detecting 20 
a cdrnbinktioh of the pturajity of notch frequencies 
under control, at which the notch fitter (105) Has a 
minimal output, and supplying the notch filter (105) 
with a control signal corresponding to the detected 
cqni b inat ion df the p lU ra I ity of notbh f req u ehci es un- 
dercoritrdi. ' " ' ^ ■ ' • ■ : 

8. A du^tHTidde cellular telephone system as defined 
in cllairirv7^ dh^ractenzed in ftaf (105) 
has two notch frequencies beirig variable at a tirne, 30 
one of which is varikble" within a lower sub-band of 

a desired band and the other is variable within a 
higher sub-band of the desired band. 

9. A dual-mode cellular telephorie system as defined 3S 
in clairin 7 or B. characterizied in that a combination 

of the plurality of notch frequencies under control is 
determined, then several of the notch frequencies 
are fixed and the other notch frequencies are con- 
tinuously changed while detecting a change in an 40 
output level of the notch filter (105) during commu- 
nications. 



signal corresponding to the detected frequency 
component. 

12. A dual^mode cellular telephone system as defined 
in claim ll , characterized in that the frequency de- 
tecting circuit (107) performs, Fourier transforma- 
tion. ' . • 

1 3i A d iialrmpde eel tular t e lephon e syst em : as def in ed 
. i in clalnri 11 or 1 2;i characterized in that the frequency 

/ detecting^circuit ,(;i 0t)LrT^ 
. level of the mpbH^ phly in the case of 

the rece ived "si gnat leye I \ , exce ed i n g - a . pr edel e r- 
nriirited ref ererice- ^:c6ritirols.tiie ncrt^ Iter ( 1 05) 
tb ha ve a 'specified 

14:- A mobile Stat iOT' rece iver ope rabie if or* digital GEp lyi A , 
conrirTiunicatidn in a cell ular iejephphe system said { 
receiver beih^ proylded With a narrbw-bahd drsturb- 

• ' ihg signal supjaression circuit iricluding a notch filter 

* (-1 05; 1 08) for suppressing a hatfro distiirbin g 
signal which results from intermddutation distortion 
produced by a plurality of analogue transmission 
channel signals and which lies within the CDMA fre- 
quency bandwidth: 



10. A dual-mode cellular telephone system as defined 

in any one of claims 6 to 9, characterized in that the ^5 
disturbing signal detecting circuit (106) monitors an 
output level of the notch filter (105) and, only in the 
case of the output level exceeding a predetemitned 
reference level, controls the notch filter (105) to 
have a specified notch characteristic. ^ 

11. A dual -mode cellular telephone system as defined 
in claim 1 or 2. characterized in that the notch filter 
(105) has a variable notch frequency under control 
and is provided with a frequency detecting circuit ss 
(1 07) for analyzing a frequency component exerting 

a narrow-band disturbance on a CDMA-band signal 
and supplying the notch fitter (105) with a control 
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(57) The present invention is directed to provide a- 
dual-nnode cellular telephone system vvhich is capable 
of suppressing a narrow-band disturbing signal appear- 
ing in a rriobile station of a dual-rnbde cellular telephone 
system adapted to an analog system and digital PPM A 
system. A CDMA signal fronn a CDMA base station and 
a narrow-band signal from an analog system are re- 
ceived through an antenna (101) by receiver (102) 
whereby they are amplified, subjected to frequency con- 



ve rsipn and , th en , in jaut to a . yariab !e notch fi Ite r ( 1 05) . 
A disturbing signal detection circuit (105) supplies the 
Variable notch filter (1 05) with a control signal for making 
its fre<^uency bis'vari^ble disturbing signal 

detectipn circuit (1 06) detectis a casethat an output level 
of the variable notch fitter (105) becomes minimal by 
changing the notch frequency by sweeping control sig- 
na\s, A control signal at which the outputj level of the 
variable notch filter (1 05) is minimal is fed tothe variable 
notch filter (105). 
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